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[0015] In another embodiment, MSP amino acid residues or carbohydrate substituents of MSPs or MSP analogues 
I otherwise described herein are derivatized by covalent modification or are conjugated to nonproteinaceous polymers 

\ such as polyethylene glycol to produce an MSP derivative which exhibits improved circulatory half life. 

\ [0016] In particular embodiments a polypeptide comprising a biologically active extracellular domain of an integrin 

' 5 is fused at its C-terminus to an immunoglobulin constant domain, or is linked to an immunogenic polypeptide. 

[0017] The MSP variants provided herein are purified and formulated in pharmacologically acceptable vehicles for 
\ diagnostic or preparatory utility or in vivo use in the modulation of cell adhesion. 

I [0018] Figs. 1 a-1 f depict the amino acid and nucleotide sequence of a secreted form of the GPlib subunit of the MSP 

| GPIIb-llla. The signal processing site for the heavy and light forms of this subunit are designated, respectively, with 

10 arrow-H and arrow-L. 

I [0019] Figs. 2a-2d depict the amino acid and nucleotide sequence of a secreted form of the GPllla subunit of the 

[ MSP GPIIb-llla. The signal processing site is designated with an arrow. 

[0020] Fig. 3 depicts a comparison of the native and redesigned nucleic acid sequences at the 5' end of the GPilia 

gene. 

w [0021] An MSP is defined herein to be a multichain polypeptide, at least one chain of which is ordinarily anchored 
\ in a ceil membrane and at least two chains of which are discretely encoded. MSPs ordinarily contain at least two distinct 

\ chains, two of which are lodged directly in the cell membrane. One or more additional chains may be covaiently or 

I noncovalentry bound to the MSP chains ordinarily lodged in the ceil membrane, but the additional chains may not 

j themselves be anchored in the membrane. Such chains typically result from the post-translational processing of a 

\ 20 single chain that becomes membrane anchored. Discretely encoded subunits are those which do not result from the 
\ posttranslational processing of a single translated protein, and their amino acid sequences are not homologous (i.e. 

|- the sequences of the subunits are not the same, and they do not assemble in nature into dimers or mu (timers of the 

same polypeptide). Instead, they are produced by the translation of independent mRNAs or polycistronic messages, 
j Thus, the nucleic acids encoding MSP polypeptides ordinarily are found in nature under the control of different pro- 

I 25 moters and other transcription control sequences. MSPs include principally cell surface receptors for extracellular 
| matrix molecules, also defined as cellular adhesion receptors. Many of these receptors and their ligands, such ligands 

\ including the extracellular matrix molecules and plasma proteins such as fibrinogen as well as cell surface proteins 

such as I -CAM, are central to cellular adhesion phenomena involved in wound healing, morphogenic mobility, devel- 
[ opmentally unrelated cellular migrations, hemostasis and metastasis. These cellular adhesion receptors are identified 

30 by functional and structural features. Functionally, they typically bind to polypeptides incorporating the sequence RGD, 
f from which they are dissociated by competition with other polypeptides containing the RGD sequence such as the 

peptides RGDS or RGDV. Also, they frequently require a divalent cation such as calcium for ligand binding. MSPs may 
or may not include members of the immunoglobulin superfamily such as the T cell receptor. A group of MSPs involved 
in celt surface intracellular adhesive interactions have been designated integrins (see Buck et a/. ( "Ann. Rev Cell Biol." 
35 3:179-205 [1987]). 

; [0022] Structurally, such cellular adhesion receptors belong to a supergene family of multimers in which a first single- 

chain polypeptide or disulfide cross-linked multi-chain polypeptide (a-chain) is noncovalently associated with a second 
and different polypeptide (designated a p-chain), thereby forming a heteromultimer. The a-chains of these receptors 
are quite diverse in terms of their amino acid sequence, and include the a subunit of avian integrin (band 1); a 1t a 2 , 

40 and ct 4 of VLA 1 , 2 and 4; 03 of VIA 3 and avian integrin (band 2); a F of VLA 5 and the fibronectin receptor; oc L of LFA- 
1 ; of Mac-1 ; a x of p150,95; 0^0^ of GPIIb; and 0^ of vitronectin. The p-chains typically fall into three classes, p 1 
(avian integrin [band 3]; fibronectin receptor and VLA), Pa (LFA-1/Mac-1 ; p150,95) and p 3 (GPIIb-llla and vitronectin 
receptor), the members of each p-class being substantially homologous or identical. It is preferred that the MSP selected 
contain the two (or more) chains which ordinarily associate with one another in nature since non-naturally occurring 

45 heteromers may not form complexes. 

[0023] Each chain of an MSP is expressed in its native environment as a preprotein comprising a secretion signal 
which is processed during the extracellular orientation of the receptor Also, at least one chain of each subunit will have 
: a hydrophobic anchor containing a polypeptide sequence serving as a site for covaient addition of lipid, e.g. phosphol- 

ipid, or a domain located in the C-terminal portion of the polypeptide and containing about from 1 0 to 30 predominantly 

so hydrophobic residues such as phe, leu, ile, val, met, gly and ala. Such membrane anchoring sequences or domains 
will be collectively referred to herein as membrane anchor domains. A short hydrophilic cytoplasmic domain, on the 
order of 10 to 100 residues, usually is found C-terminal to transmembrane domains. The term subunit should be un- 
derstood to mean polypeptide chain; it does not refer to domains or functional subregions of a given polypeptide chain. 
[0024] Certain MSPs share other structural features, for example, wherein one subunit of the receptor contains 

35 cysteine-rich tandem amino acid sequence repeats in which greater than about 80% of the cysteine residues are 
alignable within about two residues of the cysteine residues of the tandem repeats of GPllla, wherein one subunit has 
the consensus N-terminal sequence Tyr/Phe/Leu-Asn-Leu-Asp, or one subunit contains an amino acid domain having 
substantial sequence homology to the calmodulin calcium binding site. 
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[0025] Also included within the scope of MSPs are those receptors which are homologous to the above-described 
members of the integrin superfamily. Homologous, as defined herein, means having the sequence of a polypeptide of 
a member of the Integrin superfamily which at least has substantially the same amino acid sequence homology to a 
known member of the superfamily as any presently known member has to any other known member. Typically, homol- 
ogous means having greater than about 40% amino acid homology after aligning sequences for maximum homology, 
but not taking into account conservative substitutions. 

[0026] This invention in part is based upon the discovery that discretely encoded MSPs, when modified to eliminate 
their ability to insert into the host ceil membrane, nonetheless are fully assembled and secreted in biologically active 
form by recombinant host cells. Recombinant host cells secrete the subunits in correct association with one another 
such that the assembly exhibits the biological activity of the extracellular domain of the native MSP, despite the fact 
that proper association of the subunits is no longer facilitated by juxtaposition in the cell membrane. Further, proper 
assembly has been obtained even when the MSP sequences have not been fused to multlmer-forming polypeptides, 
i.e. It has been found that MSPs will properly associate even without the aid of extraneous cross-linking polypeptides 
such as immunoglobulin chains. 

[0027] Biological activity Is defined in terms of the ability of the secreted MSP to qualitatively bind the ligand ordinarily 
bound by the MSP in its native environment, although It will be appreciated that the kinetics or other quantitative 
characteristics of ligand binding by the secreted MSP may vary from those of the native cell bound MSP. While secreted 
MSP most likely will retain many functional immune epitopes capable of cross-reacting with antibody raised against 
the native MSP, this alone is not enough for the secreted MSP to exhibit biological activity as defined herein; "biologically 
so active" secreted MSP must exhibit the ability to bind to its ligand as well. However, it will be understood that not ail 
MSP produced in accord with this invention need to exhibit biological activity in the sense defined here. Such biologically 
inactive but, for example, immunologically active MSP analogues find use in diagnostic assays, in raising antibodies 
against MSP, or in the purification of antibodies to MSP. 

[0028] This invention is particularly concerned with amino acid sequence variants of MSPs. Amino acid sequence 
variants of MSPs are prepared with various objectives in mind, including increasing the affinity of the MSP for its binding 
partner, facilitating the stability, purification and preparation of the MSP (Including enhanced water solubility and re- 
duced membrane affinity), increasing Its plasma half life, Improving therapeutic efficacy as described above, introducing 
additional functionalities and lessening the severity or occurrence of side effects during therapeutic use of the MSP. 
Amino acid sequence variants of MSPs fall into one or a combination of the following classes: insertions, substitutional 
or deletional variants. Each MSP variant or analogue will have one inactivated membrane anchor domain, and this will 
be accomplished by insertion, substitution or deletion, but these variants optionally comprise additional mutations that 
are involved in other than inactivating the membrane anchor domain of one chain of the native MSP. 
[0029] Insertions amino acid sequence variants are those in which one or more amino acid residues extraneous to 
the'MSP are introduced Into a predetermined site In the MSP including the C or N termini. Such variants are referred 
to as fusions of the MSP and a polypeptide containing a sequence which is other than that which is normally found In 
the MSP at the inserted position. Several groups of fusions are contemplated herein. 

[0030] Immunologically active MSP fusions comprise an MSP and a polypeptide containing a non-MSP epitope. The 
non-MSP epitope is any immunologically competent polypeptide, i.e., any polypeptide which is capable of eliciting an 
immune response in the animal to which the fusion is to be administered or which is capable of being bound by an 
antibody raised against the non-MSP polypeptide. Typical non-MSP epitopes will be those which are borne by allergens, 
autoimmune epitopes, or other potent immunogens or antigens recognized by pre-existing antibodies in the fusion 
recipient, including bacterial polypeptides such as trpLE, beta-galactosidase, viral polypeptides such as herpes gD 
protein, and the like. Immunogenic fusions are produced by cross-linking In vitro or by recombinant cell culture trans- 
formed with DNA encoding an immunogenic polypeptide. It is preferable that the immunogenic fusion be one In which 
the immunogenic sequence is joined to or inserted into the MSP or fragment thereof by a peptide bond(s). These 
products therefore consist of a linear polypeptide chain containing MSP epitopes and at least one epitope foreign to 
the MSP. It will be understood that it is within the scope of this invention to introduce the epitopes anywhere within the 
MSP molecule or fragment thereof. Such fusions are conveniently made In recombinant host cells or by the use of 
Afunctional cross-linking agents. The use of a cross-linking agent to fuse the MSP to the immunogenic polypeptide is 
not as desirable as a linear fusion because the cross-linked products are not as easily synthesized in structurally 
homogeneous form. 

[0031] These immunogenic insertions are particularly useful when formulated into a pharmacologically acceptable 
carrier and administered to a subject in order to raise antibodies against the MSP, which antibodies in turn are useful 
in diagnostics or in purification of MSP by Immunoafflnity techniques known per se. Alternatively, in the purification of 
MSPs, binding partners for the fused non-MSP polypeptide, e.g. antibodies, receptors or ligands, are used to adsorb 
the fusion from impure admixtures, after which the fusion is eluted and, if desired, the MSP is recovered from the fusion 
e.g. by enzymatic cleavage. 

[0032] Other fusions, which may or may not also be immunologically active, include fusions of the mature MSP 
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sequence with a signal sequence heterologous to the MSP, fusions of transmembrane-modified MSPs (including se- 
quence deletions or modifications so that the MSP could not lodge in the cell membrane), for example, to polypeptides 
having enhanced plasma half life (ordinarily >about 20 hours) such as immunoglobulin chains or fragments thereof 
which confer enhanced plasma half life. 

5 [0033] Signal sequence fusions are employed in order to more expeditiously direct the secretion of the MSP. The 
heterologous signal replaces the native MSP signal, and when the resulting fusion is recogni2ed, i.e. processed and 
cleaved by the host cell, the MSP is secreted. Signals are selected based on the intended host ceil, and may include 
bacterial yeast, mammalian and viral sequences. The native MSP signal or the herpes gD glycoprotein signal is suitable 
for use in mammalian expression systems. 

io [0034] Plasma proteins which have enhanced plasma half-life longer than that of soluble forms of MSPs having 
modified membrane anchor domains include serum albumin, immunoglobulins, apolipoproteins, and transferrin. Pref- 
erably, the MSP-plasma protein used for the fusion is not significantly immunogenic In the animal in which it is used 
(i.e., it Is homologous to the therapeutic target) and the plasma protein does not cause undesirable side effects in 
patients by virtue of its normal biological activity. 

1$ [0035] In a specific embodiment the MSP extracellular domain is conjugated with an immunoglobulin constant region 
sequence. Immunoglobulins and certain variants thereof are known and many have been prepared in recombinant cell 
culture. For example, see U.S. Patent 4,745,055; EP 256,654; Faulkner et a/., Nature 298:286 (1982); EP 120,694; 
EP 125,023; Morrison, J. Immun. 123:793 (1979); Kdhler et al. t P.N.A.S. USA 77:2197 (1980); Raso era/., Cancer 
Res. 412073 (1981); Morrison era/., Ann. Rev. Immunol. 2:239 (1984); Morrison, Science 229:1202 (1985); Morrison 

20 etai, P.N.A.S. USA 81:6851 (1984); EP 255,694; EP 266,663; and WO 88/03559. Reassorted immunoglobulin chains 
also are known. See for example U.S. patent 4,444,878; WO 88/03565; and EP 68,763 and references cited therein. 
See also Gascoigne era/., P.N.A.S. USA 84:2936-2940 (May, 1987), EP 325,224, and Thesis of Andrew Scott Peterson 
(Harvard University; degree awarded November 22, 1988). 

[0036] Ordinarily, the extracellular domains of MSPs are fused C-terminally to the N-terminus of the constant region 

23 of an immunoglobulin in place of the variable region(s) thereof, retaining at least functionally active hinge, CH2 and 
CH3 domains of the constant region of an immunoglobulin heavy chain.. Two forms of such fusions are embraced 
herein. In one, the extracellular domains of two or more ordinarily membrane-bound MSP chains are fused N or C 
terminally to immunoglobulin constant regions (heterofusion), while in the other form only one chain of the MSP is 
fused to a constant region (monofusion). The heterofusions Include fusions with either light or heavy chain constant 

30 regions, or both. The heterofusion is produced by transforming a host cell with DNA encoding the light chain fusions, 
the heavy chain fusions or both. For example, transfectlon with DNA encoding one MSP chain fused to a heavy chain 
constant region and the other MSP chain fused to a light chain constant region will result in heterotetramers or het- 
erodlmers bearing light and heavy chain fusions with MSP chains. These are not as desirable as monofusions since 
they are not as likely to be biologically active. Note that monofusions may contain more than one fused chain, but in 

35 these cases the MSP chain will always originate with the same subunit. 

[0037] Monofusions are immunoglobulin variants in which one chain of an MSP is fused to a heavy or light chain (or 
constant domain thereof), while the remaining chatn(s) of the MSP are not fused to an immunoglobulin but rather are 
associated with the fused chain in substantially the fashion as is normally the case with the native MSP. Typically, both 
the fused and unf used MSP chains in monofusions will be variants in which the membrane anchor domains are modified 

40 so as to not lodge in the membrane, most commonly where the membrane anchor domain of one MSP chain Is deleted, 
and in the other the membrane anchor domain is deleted and then the remaining extracellular region fused at its N- 
terminus to the C-terminus of an immunoglobulin constant domain. The MSP chain or its fragment is fused to either a 
light chain or a heavy chain, but preferably a heavy chain. If the MSP only contained one membrane anchored chain 
then the remaining chain(s) will typically have their native sequence. 

45 [0038] It may be desirable to produce mono-or polyfusions having immunoglobulin antigen binding capability as well 
as the capacity to bind the MSP ligand. Such products are made by transforming the host cells with DNA encoding 
light and heavy chain capable of binding an antigen (or are selected to already produce light chain) together with the 
light and/or heavy chain MSP fusion and the unfused MSP chain(s) (in the case of monofusions). This will yield con- 
structs, for example, having the norma! structures of immunoglobulins except that one or both light-heavy arms of the 

so immunoglobuiin will comprise a fusion with one chain of the MSP which in turn is assembled (covalently or noncova- 
lently) with the remaining chain(s) of the MSP. 

[0039] In those instances in which the fusion transformants also produce (or are transformed to produce) immu- 
noglobulin chains not fused to an MSP subunit, the immunoglobulin variable domains may have unknown or known 
specificity for a given antigen. It is preferred that the host cells not be constitutively capable of making undetermined 
55 antibody, but rather that if they are to produce antibody that it be by transformation with DNA encoding a known im- 
munoglobulin. Such immunoglobulins (which may include both heavy as well as light chains) exhibit specificity for a 
known antigen. Alternatively, these companion immunoglobulin chains will be devoid of functional variable or hyper- 
variable domains (so as to be capable of multimer assembly but not antigen binding activity). For example, a product 
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the crosslmklng of MSP llgand with any desired antlqen Host cells mav mak * mora **J~Zlil pTQauc ^ s i Vim Tac,,, tate 

however, w,ll be a roufne matter requiring separation on a gel or other chromatographic pSumo^SS'S' 
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[0040] Other proteins having extended plasma half life are fused to the MSP in similar fashion exceot that ^ 
of an Immunoglobulin chain a transferrin, albumin, apollpoprotein or other sequence is ametoL 

l^u^^ 

[0043] Exemplary hetero-and chimeric MSP-lmmunoglobulin variants produced in accordance with this inv*nt. n „ a « 

(a)AC L ; 
(bJACL-Aq.; 

!2 aM- 0 "' AC L- AC H- ac l" v hC h . V l C l -AC h , or V L C L -V H C H ]; 
^ L '^" t tf»' ACl " AC h- AC f V HC H . V L C L -AC H , L or L V L C L -V H C H ]; 
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In product "(o)' the C„ V domains have been deleted. 

[0046] Suitable companion immunoglobulin combining sites and fusion 



Ch 



partners are obtained from human lgG-1 , -2, 
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-3, or -4 subtypes, IgA, IgE, IgD or IgM, but preferably lgG-1 . It is preferred to use the soluble form of IgM, or one in 
which the IgM membrane anchor domain has been modified so that it no longer lodges in the membrane. 
[0047] A preferred embodiment is a fusion of an N-terminal portion of an MSP with a sequence beginning in the 
hinge region just upstream of the papain cleavage site which defines IgG F c chemically (residue 216, taking the first 
5 residue of heavy chain constant region to be 114 [Kabat era/., "Sequences of Proteins of immunological Interest" 4th 
Ed., 1 987], or analogous sites of other immunoglobulins). 

[0048] The immunoglobulin or other plasma-stable polypeptide is fused to the C-termini of one or more of the MSP 
sub units, typically in place of at least one transmembrane and cytoplasmic domain of an MSP chain, although ordinarily 
only one of the subunits is substituted. In the case of GPI Ib-llla this would be the beta subunit. The immunoglobulin 
w domain such as a heavy chain also can be associated in normal fashion with a truncated or intact immunoglobulin 
heavy chain. 

[0049] Variants in which an MSP extracellular domain is substituted for the variable region of an immunoglobulin 
chain are believed to exhibit improved in vivo plasma half life. These chimeras are constructed in a fashion similar to 
chimeric antibodies In which a variable domain from an antibody of one species is substituted for the variable domain 

13 of another species. See, for example, EP 0 125 023; Munro, Nature 312: (13 December 1984); Neubergeref a/., Nature 
312 : (13 December 1984); Sharon et ai., Nature 309 : (24 May 1984); Morrison era/., Proc. Natl. Acad. Sci. USA 81; 
6851-6855 (1984); Morrison et at. Science 229:1202-1207 (1985); and Boulianne etaL, Nature 312:643-646 (13 De- 
cember 1984). The DNA encoding the MSP extracellular domain is cleaved by a restriction enzyme at or proximal to 
the 3' end of the DNA encoding the domain and at a point at or near the DNA encoding the N-termina! end of the mature 

20 MSP polypeptide (where use of a different leader is contemplated) or at or proximal to the N-terminal coding region 
for the MSP (where the native MSP signal is employed). This DNA fragment then is readily inserted into DNA encoding 
e.g.an immunoglobulin light or heavy chain constant region and, if necessary, tailored by deletional mutagenesis. Pref- 
erably, this is a human immunoglobulin. DNA encoding immunoglobulin light or heavy chain constant regions is known 
or readily available from cDNA libraries or is synthesized. See for example, Adams et a/., Biochemistry 19:271 1 -271 9 

23 (1980); Gough etaL, Biochemistry 19:2702-2710 (1980); Dolby etaL, PN.A.S. USA, 77:6027-6031 (1980); Rice etaL, 
P.N.A.S. USA 79:7862-7865 (1982); Falkneref a/., Nature 298:286-288 (1982); and Morrison etaL, Ann. Rev. Immunol. 
2:239-256(1984). 

[0050] DNA encoding the chimeric chain(s) is transfected into a host cell for expression. If the host cell Is producing 
an immunoglobulin prior to transfection then one need only transfect with the MSP fused to light or to heavy chain to 

30 produce a heteroantibody. The aforementioned immunoglobulins having one or more arms bearing the MSP domain 
and one or more arms bearing companion variable regions result in dual specificity for MSP ligand and for an antigen. 
These are produced by the above-described recombinant methods or by in vitro procedures. In the latter case, for 
example, F(ab') 2 fragments of the MSP fusion and an immunoglobulin are prepared, the F(ab')2 fragments converted 
to Fab' fragments by reduction under mild reducing conditions, and then reoxidized In each other's presence under 

35 acidic conditions in accord with methods known perse. See also U.S. Patent 4,444,878. 

[0051] Additionally, procedures are known for producing intact heteroantibodies from immunoglobulins having dif- 
ferent specificities. These procedures are adopted for the in vitro production of heterochimeric antibodies by simply 
substituting the MSP fusions for one of the previously employed immunoglobulins. 

[0052] in an alternative method for producing a heterofunctional antibody, host cells producing an MSP-lmmunoglob- 
40 ulin fusion, e.g. transfected myelomas, also are fused with B cells or hybridomas which secrete antibody having the 
desired companion specificity for an antigen. Heterobifunctional antibody is recovered from the culture medium of such 
hybridomas, and thus may be produced somewhat more conveniently than by conventional in vitro resorting methods 
(EP 68,763).' 

[0053] Another class of MSP variants are deletional variants. Deletions are characterized by the removal of one or 
43 more amino acid residues from an MSP sequence. Typically, the membrane anchor and cytoplasmic domains of all 
MSP subunits are deleted. However, any other suitable site N-terminal to the transmembrane which preserves the 
matrix protein or ligand-binding capability of the MSP is suitable. Excluded from the scope of deletional variants are 
the protein digestion fragments that may have heretofore been obtained in the course of elucidating amino acid se- 
quences of MSPs. 

so [0054] Substitutional variants are those in which at least one residue in the MSP sequence has been removed and 
a different residue Inserted in its place. Table 1 below describes substitutions which in general will result in fine mod- 
ulation of the characteristics of an MSP. 



TABLE 1 



Original Residue 


Exemplary Substitutions 


Ala 


ser 
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Original Residue 




Arg 




Asn 


Qln a his 


Asp 


giu 


Cys 


ser; ala 


Gin 


asn 


Giu 


asp 


Gly 




His 


asn; gin 


tie 


leu; val 


Leu 


ile; val 


Lys 


ar 9: ^n; giu 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr 


trp; phe 


Val 


ile; leu 



. L»-«j ouosiannai changes in function or immunolooical Idantih, , , 

conservative than those In Table 2, ..e., selecting «2S EST V SeleCt ' n9 subsWu «ons that are less 

VT? P ° ,ypepUde ^"Se ea of Te'ZiZl TT*^ ** ^ °" maintai ™9 
mation, (b) the charge or hydrophobicity of the molecute atthe tl™* » ' Xamp ' e 88 a 8heet or confor- 
tuttons which in general are expected to p,odu£ aS2iS2 £?1 '*? the bu,k °' ,he 8lde cha,n ' The substl- 
.. hydrophilic residue, e.g. sery. or tta^^tSSSTt 2 "f M f Properties will be those In which (a) a 
nylalanyl, valyl or alanyl; (b) a cystelnyl or protyTsulsSutedK ^^1^^ e.g. leucyl, isoteucyl. phe- 
electropositive side chain, e.g., lysyl aralnvl or hiZS , I J by) any 0,ner resldue .' W * residue havina an 
g-utamy, or aspartyl; or (d', a a bu^2 chat e o"^ !°, "*! " 8,ec ^^e ™<Ce.g 

having a side chain, e.g., glycyi. 9 8lde cna,n - Pnenylalanyl, is substituted for (or by) one not 

to span the lipid bilayer of the cellular membrane. The? » wSJJ- JTJ ° d ° ma ' nS that are the P r °P°r ■«» 

the MSP by reducing its cellule? or r^rnton^ recover and provide a soluble form of 

domams are deleted one avoids the introduction of SZVlZ 9 " ,he "^brane anchor 

that are potentially Immunogenic. A principal advantage of Xe mlT V '""^ °' heter °>°9™ polypeptides 
secreted into the culture medium of recomLan^K^ariS SlT*? !° mai "- de,eted is «h* is 
not have an appreciable affinity for cell membrane lip ds m ua L ^ SUCh 88 b,00d and d °es 

cellculture. Surprisingly, MSPs in which membrane inSlZ IzinZtZ ? mp,rfy,n9 itS recove, V from recombinant 
of stable insertion Into cell membranes are caS TZT^^T^ *° 38 10 be no ^-P* 
even if the MSP chains are not fused to a multimTrVom,^ d " a " d 8ecretion from recombinant host cells 

sequence« S amu« te ha,npo^ 

sr=bX^^ 

nation thereof are introducedto ^££E2E^J? "ranycombi- 
d ™" a " d prefe^^ 

the relevant domain, although adequate inBenioZZT^mZ^ f " f 6 " 6 ^ acc °rnplished by deletion of 
example, the transmembrane domain Is subsii^ 2 Zt '^T *° m M * ,W ,hia W- *>r 
sequence of about 5 to SO serine, threonine, lysine aroinl 7,1 8 9 ' 8 randoni or Predetermined 

wh« .altogether exhibit a hydrophil* hydropa% ofte ISSStX" re8idues 
creted ,nto the culture medium of recombinant hosts ^ (,flJnCated > MSPs . these variants are se- 
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[0039] MSP variants are prepared conveniently by site specific mutagenesis of nucleotides in the DNA encoding the 
MSP, thereby producing DNA encoding the variant, and thereafter expressing the DNA in recombinant cell culture. 
Obviously, changes in the DNA encoding the variant MSPs must not placelhe sequence out of reading frame and 
preferably will not create complementary regions that could produce secondary mRNA structure deleterious to expres- 
5 slon (EP 75.444A). The MSP variants typically exhibit the same matrix or llgand binding activity as does the naturally- 
occurring prototype, although variants also are selected in order to modify the characteristics of the MSP as indicated 
above. 

[0060] While the site for introducing an amino acid sequence variation is predetermined, the mutation per se need 
not be predetermined. For example, in order to optimize the performance of a mutation at a given site, random or 

io saturation mutagenesis (where all 20 possible residues are inserted) may be conducted at the target codon or region 
and the expressed MSP variants screened for the optimal combination of desired activities. 
[0061] MSP variants that are not capable of binding to their matrix proteins or ligands are useful nonetheless as 
immunogens for raising, antibodies to the MSP or as immunoassay kit components (labelled, as a competitive reagent 
for native MSP, or unlabelled as a standard for an MSP assay) so long as at least one MSP epitope remains active. 

15 [0062] Contemplated herein are MSPs or MSP amino acid sequence or glycosylation variants (including those al- 
ready described above) wherein one or more MSP subunits are conjugated with a nonproteinaceous polymer. It will 
be understood that the nonproteinaceous polymer which Is conjugated to MSP excludes oligosaccharides that are 
present in the same positions In the native or starting MSP, I.e. the polymer is extraneous or heterologous to the MSP. 
[0063] It is within the scope hereof to move, add or delete glycosylation sites by site-directed mutagenesis of MSP 

20 polypeptide in order to increase the number of or change the location of the carbohydrate substituents. The nature of 
the carbohydrate is modified in conventional fashion by in vitro enzymatic digestion or by selecting host cells that affix 
the selected carbohydrate (or do not glycosylate at all). 

[0064] The nonproteinaceous polymer ordinarily is a hydrophilic synthetic polymer, i.e., a polymer not otherwise 
found in nature. However, polymers which exist in nature and are produced by recombinant or methods are useful, as 

23 are polymers which are isolated from nature. Hydrophilic polyvinyl polymers fall within the scope of this invention, e. 
g. polyvinylalcohol and polyvinylpyrrolidone. Particularly useful are polyalkylene ethers such as polyethylene glycol, 
polypropylene glycol, polyoxyethylene esters or methoxy polyethylene glycol; polyoxyalkylenes such as polyoxyethyl- 
ene, polyoxypropylene, and block copolymers of polyoxyethylene and polyoxypropylene (Pluronics); polymethacr- 
ylates; carbomers; branched or unbranched polysaccharides which comprise the saccharide monomers D-mannose, 

30 D- and L-galactose, fucose, fructose, D-xylose, L-arabinose, D-glucuronic acid, sialic acid, D-galacturonic acid, D- 
mannuronic acid (e.g. polymannuronlc acid, or alginic acid), D-glucosamlne, D-galactosamine, D-glucose and neu- 
raminic acid Including homopolysaccharides and heteropolysaecharides such as lactose, amylopectln, starch, hydrox- 
yethyl starch, amylose, dextran sulfate, dextran, dextrine, glycogen, or the polysaccharide subunit of acid mucopoly- 
saccharides, e.g. hyaluronic acid; polymers of sugar alcohols such as polysorbitol and polymannitol; and heparin. 

35 Where the polysaccharide Is the native glycosylation orthe glycosylation attendant on recombinant expression of MSP, 
the site of substitution ordinarily is located at other than an N or O-llnked glycosylation site of the MSP or the MSP 
variant is an amino acid sequence variant in which an additional or substitute N or O-linked site has been introduced 
into the molecule. 

[0065] Mixtures of such polymers are employed, orthe polymer may be homogeneous. The polymer prior to crosslink- 
40 ing need not be, but preferably Is, water soluble, but the final conjugate must be soluble In biological fluids such as 
blood. In addition, for therapeutic uses the polymer should not be highly immunogenic when conjugated to the MSP, 
nor should it possess viscosity that is incompatible with intravenous infusion or injection if it is intended to be admin- 
istered by such routes. 

[0066] Preferably the polymer contains only a single group which is reactive with MSP. This helps to avoid cross- 
45 linking of MSP molecules. However, it is within the scope herein to optimize reaction conditions to reduce cross-linking, 
or to purify the reaction products through gel filtration or ch romatographic sieves to recover substantially homogeneous 
derivatives. 

[0067] The molecular weight of the polymer ranges about from 1 00 to 500,000, and preferably is about from 1 ,000 
to 20,000. The molecular weight chosen will depend upon the nature of the polymer and the degree of substitution. In 
so general, the greater the hydrophilicity of the polymer and the greater the degree of substitution, the lower the molecular 
weight that can be employed. Optimal molecular weights will be determined by routine experimentation. Ordinarily, the 
molecular weight of the MSP-polymer conjugate will exceed about 70,000 although molecules having lesser molecular 
weights are suitable. 

[0068J The polymer generally Is covalently linked to MSP through a multifunctional crossllnking agent which reacts 
55 with the polymer and one or more amino acid or sugar residues of MSP However, it Is within the scope of this invention 
to directly crosslink the polymer to the MSP by reacting a derivatized polymer with MSP, or vice versa. 
[0069] A suitable MSP covalent crosslinking site is the N-terminal amino group and epsilon amino groups found on 
lysine residues, although other amino, imino, carboxyl, sulfydryl, hydroxyl or other hydrophilic groups serve as useful 
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J I, ,?' F^T" may be C0Valently bonded direct| y t0 MSP wfthout the «• <" a multifunctional (or* 
narily brfunctlonal) crosslinking agent. Examples of such crossllnking agents Include LI-blstdiKoacetyD^he- 
nvlethane glut^ 

al imidoesters Induding d aucclnlmidyl eaters such as 3.3--dithlobls (succinlmidyl-propionate), and Afunctional male- 
imdes such as bto-N-maleimido-1 ,8-octane. Derivatlzlng agents such as methyl-3-[(p-azidophenyl)dithio] propioimi- 
dateyieldphotoactivatable Intermediates which are capable of forming crosa-llnks In the presence of light. AltemE 
react^e water solubte matrices such as cyanogen bromide activated carbohydrates and the systems described in U 

TT, 3,959, °f L 3 ' 96 ! ,287: 3,691 ' 016: 4l195l128; 4 - 247 ' 642: 4 ' 229 ' 537 : 4 - 055 - 63 5 and 4,330,440 are sui Sbt 
modrfied for cross-linking the polymer and MSP. Covalent bonding to MSP amino groups is accomplished by known 
chemistries based upon cyanuric chloride, caroonyl diimidazole. aldehyde reactive groups (PEG alkoxide plus diethyl 
acetal of bromoacetaldehyde; PEG plus OMSO and acetic anhydride, or PEG chloride plus the phenoxide of 4-hy- 
droxybenzaldehyde succinimidyl active esters, activated drthiocaroonate PEG, 2.4,5-trichlorophenylchlorofomiate or 
p-nltrophenylchloroformate activated PEG. Carboxyl groups are derivatized by coupling PEG-amine using carbodiim- 

KL P ° lym ? COnju f ted 10 °»3<*accharide substltuents by chemical, e.g. metaperiodate, or enzymatic 
ox.dat.on. eg glucose or galactose oxidase, (to produce the aldehyde derivative of the carbohydrate), followed by 

^ ™STt^ P ° ,ymer8 ' the 8ame fa8hi0n 88 te descrlbed b V Hei ^!in eta,., P.H. 
wim'bKr avt£ P III? ?H yer K ^ ' n Enz * moi W «*0 (1979), forthe labeling of oligosaccharides 
*, k £ I Urthen Oth0r Chefn,Cal 0r enz y matic methods which have been used heretofore to link oliqosac- 

20 charides and powers may be suable. Substituted oligosaccharides are particu.arty advantageous since there aro 
fewer carbohydrote substations man amino acid sites for derealization, thus improving the SSy actMty and ho 

| e.g. by neuraminidase digestion, as a final product or prior to polymer derealization 

1 . ' u 8 r ! aCtiV9 With thS ™ l,i,unc,tonal cross-linking agent In general, polymers bearing such reactive 

1 ISESSSETA thew,8e de * at,zad ln tha aa ™ 'ash.on as insoluble polymers heretofore employed' tor 
po^aTde! to MSP^ ^ " ' ^ Pr ° C6dUre t0 in c ~ ss « nW "9 

{ 30 [0072] "Water soluble" in reference to the starting polymer means that the polymer or its reactive intermediate used 
\ ° f ~ niU ^ ti0n 18 8UfflClent,y water so,ub,e t0 P artlci P a, a >" a derivatlzatlon reaction with MSP ' mermediate US6d 

( W L d6gree ° f 8ub8tltution of MSP ^ry depending upon the number of reactive sites on the oroteln 

* whethenntectort^atedMSPisused^ 

3 5 35 X° P "f * f "f ° th r f haracteri8,te8 * tha P^ar. and the particular sites chosen. In gene al. Te^ISP 

* Sa^TK? 18 S K bSUtU K ted Wtth ab0U ' ' r0m 1 ,0 10 P0 ^ er mol9Cules - whila a "y heterologous sequence 
» JETlS P ^ S r b ? Ut6d Wfth a " e88entia,ly Un,imlted number of polymer molecules so long as Ine 
| actMty 0< tha MSP moie,v 18 "<* significantly adversely affected. The optimal degree of crosslinking Is easily determined 

byanexperimentalrnatrixinwh^ 

4 o LrTSr T Wh ' Ch °' ,hS C ° njUgateS t0 Wnd matrix P rote,n or ia determined 9 9 

SL,^„ n P ?T er ' e ' 9 ,;'K PEG 13 CraSSl,nked 10 MSP bV 8 W,de variet V of me,hods know " Par se for the covalent 
modification of proteins with nonproteinaceous polymers such as PEG. Certain of these methods, however are no 

ST! 1 r n P 7 0Se t herein - ? a " UriC Ch '° ride Chem ' S ^ ,ead8 10 ma "V 8,de ~—». inctiTd. S ^£ 

; diimidazole chemistry (Beauchamp et al., "Anal. Biochem." 131:25-33 [1983]) requires hiah oH (>fl ss whirh Z , .„ 

s . a t at f P ^ n f • Moreoveri since ,he PEG " ,ntefmldiata can - a « ^T^i^2USJiSi , 2 

| activa,ed over P rote '" 'a quired. In general, aldehyde chemistry (Royer, U.S. Patent 4 oS 5?D is proved 

sinceitrequiresonlya40foldmolarexcessofPEGanda1-2hrincuba«on^Hov4ver,themanganes^^^^^^^ 
, by Royer for preparation of the PEG aldehyde is problematk: "because of the pronouncedtendency o^ PEG to fSS 

SO ZTZT^T'*?^ 9 a9emS " (HafriS 6t 3/ - " J - P °^- »*■ ^ Che -. Ed." 22 34 352 [ 984^ 
1 hSide Lnn^tT' Ut " ,2 "! 9 h DMS ° and ace,ic Aviates this problem. In addltio^the sodium boro- 

, hydnde suggested by Royer must be used at a high pH and has a significant tendency to reduce disulphide bonds In 

Sf ,S £ dl ^ 

Mo8tc J jn ^ nienU y' MSPMn J u 9 at aaareel.utedfromhydrophobiclnteractionchromatographymediumeq^ 
! 55 r08e ' b V ha US ! 01 3 deCreaslna 8a,t 9 radlent ' ™* aa well as the gel filtration approach described abovl es^es 
r conjugates on the basis of the degree of substitution. vi B «,r. Dea aoove, resolves 

[00761 The DN A e djng an Msp fe obtajned by knQwn procedure |fl most jnsta publications 
descr,b.ng DNA encod.ng the MSP. In general, prokaryotes are used for Coning of MSP variant DNA sequences For 
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example, a -resistant strain of E. coll JM 1 01 for propagating M13 phage; Messing etal., Nucl. Acids. Res. 9(2):309«321 
[1981)); and £ coll K12 strain 294 (ATCC No. 31448) are particularly useful. Other microbial strains which may be 
used Include £ coll B, or UM1 01 . These examples are illustrative rather than limiting. Nucleic acid also is cloned using 
various well known In vitro amplification processes. 
5 [0077] DNA encoding the variant MSPs are inserted for expression into vectors containing promoters and control 
sequences which are derived from species compatible with the Intended host cell. The vector ordinarily, but need not, 
carry a replication site as well as one or more marker sequences which are capable of providing phenotypic selection 
in transformed cells. For example, £ coll is typteaily transformed using a derivative of pBR322 which is a plasmid 
derived from an £ coll species (Bolivar, etal., Gene 2: 95 [1 977]). pBR322 contains genes for ampicillin and tetracycline 
io resistance and thus provides easy means for identifying transformed cells. The pBR322 plasmid, or other microbial 
plasmid must also contain or be modified to contain promoters and other control elements commonly used in recom- 
binant DNA constructions. 

[0078] Promoters suitable for use with prokaryotlc hosts illustratively Include the p-lactamase and lactose promoter 
systems (Chang et a/., Nature, 275: 615 [1978]; and Goeddel et al., Nature 281: 544 [1979]), alkaline phosphatase, 
the tryptophan (trp) promoter system (Goeddel, Nucleic Acids Res. 8: 4057 [1980] and EPO Appln. Publ. No. 36,776) 
and hybrid promoters such as the tac promoter (H . de Boer etal., ProcT NatL Acad. Sci. USA 80: 2 1 -25 [1 983]). However, 
other functional bacterial promoters are suitable. Their nucleotide sequences are generally known, thereby enabling 
a skilled worker operably to ligate them to DNA encoding the MSP variant using linkers or adaptors to supply any 
required restriction sites (Siebenllst et a/., Cell 20: 269 [1 980]). Promoters for use in bacterial systems also-will contain 
20 a Shine-Dalgamo (S.D.) sequence operably linked to the DNA encoding the antigen. 

[0079] In addition to prokaryotes, eukaryotic microbes such as yeast cultures also are useful as cloning or expression 
hosts. Saccharomyces cerevisiae, or common baker's yeast is the most commonly used eukaryotic microorganism, 
although a number of other strains are commonly available. For expression in Saccharomyces, the plasmid YRp7, for 
example, (Stinchcomb, et al., Nature 282: 39 [1 979]; Kingsman et al, Gene 7: 1 41 [1 979]; Tschemper et al., Gene 10: 
23 157 [1980]) is commonly used. This plasmid already contains the trp1 gene which provides a selection marker for a 
mutant strain of yeast lacking the ability to grow In tryptophan, for example ATCC no. 44076 or PEP4-1 (Jones, Genetics 
85: 12 [1977]). The presence of the trp1 lesion as a characteristic of the yeast host cell genome then provides an 
effective means of selection by growth in the absence of tryptophan. 

[0080] Suitable promoting sequences for use with yeast hosts include the promoters for 3-phosphoglycerate kinase 
(Hitzeman et al. t J. BioL Chem. 255: 2073 [1980]) or other glycolytic enzymes (Hess et al., J. Adv. Enzyme Reg. 7: 
149 [1968]; and Holland, Biochemistry 17: 4900 [1978]), such as enolase, gryceraldehyde-3-phosphate dehydroge- 
nase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycer- 
ate mutase, pyruvate kinase, triosephosphate Isomerase, phosphoglucose isomerase, and glucokinase. 
\ [° 081 J Other yeast promoters, which are Inducible promoters having the additional advantage of transcription con- 

| 33 trolled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid phos- 
| phatase, degradatrve enzymes associated with nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate de- 

(. hydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for use 

| in yeast expression are further described in R. Hitzeman et al., European Patent Publication No. 73.657A. Yeast en- 

\ hancers also are advantageously used with yeast promoters. 

I 40 I 0082 ! Promoters, for controlling transcription from vectors in mammalian host cells may be obtained from various 
j sources, for example, the genomes of viruses such as polyoma, Simian Virus 40 (SV40), adenovirus, retroviruses, 

f hepatitis-B virus and most preferably cytomegalovirus, or from heterologous mammalian promoters, e.g. the beta actin 

promoter. The early and late promoters of the SV40 virus are conveniently obtained as an SV40 restriction fragment 
which also contains the SV40 viral origin of replication. Fiers et at., Nature, 273: 113 (1978). The immediate early 
promoter of the human cytomegalovirus is conveniently obtained as a H/ndlll E restriction fragment. Greenaway, P.J. 
et aL t Gene 18: 355-360 (1982). Of course, promoters from the host cell or related species also are useful. 
[0083] DNA transcription in higher eukaryotes is increased by inserting an enhancer sequence into the vector. En- 
hancers are cis-acting elements of DNA, usually from about 1 0 to 300bp, that act to increase the transcription initiation 
capability of a promoter. Enhancers are relatively orientation and position independent having been found 5* (Laimlns, 
L. etal., Proc.Natl.Acad.Sci. 78:993 [1981]) and 3' (Lusky, M.L., etal., Mol. Cell Bio. 3: 11 08 [1983]) to the transcription 
unit, within an intron (Banerji, J.L etaL, Ceil 33: 729 [1983]) as well as within the coding sequence itself (Osborne, T. 
F., et al., Mol. Cell Bio. 4: 1293 [1984]). Many enhancer sequences are now known from mammalian genes (globin, 
elastase, albumin, a-fetoprotein and insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. 
Examples Include the SV40 enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus early 
promoter enhancer, the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. 
[0084] Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human or nucleated cells) 
may also contain sequences necessary for the termination of transcription which may affect mRNA expression. These 
regions are transcribed as poryadenylated segments in the untranslated portion of the mRNA encoding the MSP. 
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which were not transformed with toDlW 

mycophenollc acid, Mulligan, R.C. and Berg "Ic en« m ^nZ h ' t PP '' Gen6t * 327 (1982 >' 

Biol. 5: 41<W13 (1985). The three examples oiven aSSLS k I > ° hvgromvcin ' Su 9 den ' 8. etal., Mol. Cell. 
resistencetotheappropriatedmrG^ToV^ 
[0087J ^mpllficaUrefe^^ 

Amplification is achieved using asele^^ ♦ ™ " r69 '° n M a Ce,l ' s <*«>mosomal DNA. 

or the making of mZmZ ^^w£c£?£TZ " W ° h '* " ,aCth ' a,6d by DHFR " 

of greater amounts of MTX. SS^Z^^^SSL ZT? * ^ ^ Pr ° dUCed the faCe 
adding ever greater amounts of MTX JEST !S5!CS!Sff ^ T * endoaenoua DHFR - °V 
a mammalian host cell with a plasmld having aDNAencoSL « l!,^? . 9 ? * "* achleved bv c °«™s«*ting 
permitting cointegraton. One S^^KlEi"^^ 1 ? ° HFR ° r ampli,iCat,0n 
selection gene, by selecting only for cells thai can o?ow to E^SSL , requirement is met by replication of the 
as the gene encoding a desired ^heSaoufomteKll! preae " ce ,°' ever-greater MTX concentration. So long 
gives rise to replication of the 'genfeS £ 2 S SffS? HESS" ^ reP " CaUOn °' ^ 96ne 
an amp.rfled gene, encoding the desired tJJ^Vro^Z^Zt 5££^f° P !" °' 9 "* '* 
[0088] Preferred host cells for expressing the MSP variants rtEniTnHnil heterologous protein, 

examples of sultab.ehostslnduding:monkeykidneyCV™^ 

embryonic kidney line (293, Graham FL eta/ J Gen vimi ^« K I r^^ ! (C ° S " 7, ATCC CRL 1651 >; human 
^factory); bJyhari^^ 

Chasin, Proc.Natl.Acad.Scl. (USA) 77- 421 6 r Son mmtl ,? ^^^cells DHFR (CHO, Uriaub and 

[1980)); monkey kidney cells (C^ATCC CXL 70V^ 

human cervical carcinoma celte (HELA ATOC CCL ^2 ^ w ^ onkeykidne y cel,s (VERO-76, ATCC CRL- 1587); 
cells (BRL 3A, ATCC CRL *Z ; human^g VStVSo^S^ ^ ^ * 
mouse mammary tumor (MMT 060562, ATCC CCL51 celte)'' a^^TR^ce^riiiflthAr 8 ? p °f a ^ 6P ** 2 ' ^ 8065); 
383: 44-68 [1982D. (Mather, J.P. ef a/., Annals N.Y. Acad. Sci. 

of Graham, F. and van der Eb. A.. V^gy SSSSSJT S^T""!^ ° f ** ^ C< " ,S ' 8 the me,hod 
such as by nuclear injection or by protopfasf fudoVmal ^ m6th ° dS for lntrodu "n9 DNA into cells 
stantia. cell walls are Ld - h2KS^S^£S ^T"' Ce " 8 ° r Celte wh,ch 00ntai " 
2* * C0h6n ' ™ * * ^^^^(i^S^o^^ treatmant U8 '" a catei - Chloride 

S,SrtecC^ 

desired to form the plasmids' required. S^^Z^IZZZ SXXJTS' ^ '° m 
for example, (Maniatis, T. eta/., MolecularClonino 1 ^Z^^Z^^T^ ^"^ ^ Se °' 
Biology", edited by Ausubel et a,., [1987], pub bl Greene SSJESlJS \ ' 1 !S Pr ° t0C ° ,Sin Molecu,ar 

[0091] Ordinarily.DNAencodingeachsu^S 

cotransfected into the host cell, althoug such SnsSona i„ nem ° di ' iedVarian,)is8imul,aneous| y 
•ubunit to exehangM forth, an^logou. M^^flS^lS^Si H—. qU T Ua,h '- MSP V8rian,S in Which one 

by cotransformlng a recombinant host (tySv mamma!™ Zl P h ° dl ? h , < * ero '°9 ous heterodimers) are produced 
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the transformants prepared, and then analyzed by restriction enzyme digestion and/or sequenced by the method of 
Messing ef a/.., Nucleic Acids Res. 2; 309 (1981) or by the method of Maxam etaL, Methods in Enzymology 65: 499 
(1980). 

[0093] Host cells are transformed with the expression vectors of this invention. Thereafter they are cultured in ap- 
s propriate culture media, e.g. containing substances for inducing promoters, selecting transformants or amplifying 
genes. The culture conditions, such as temperature, pH and the iike, are those previously used with the host cell 
selected for expression, and will be apparent to the ordinarily skilled artisan. For expression of GPIIb-llla it is preferable 
that the culture medium contain calcium and magnesium salts since divalent cations are needed to enhance the stability 
of secreted GPIIb-llla and other calcium dependent MSPs. 
w [0094] The secreted MSP variants are recovered and purified from the culture supematants or tysates of recombinant 
hosts. Typically, the supematants are concentrated by ultrafiltration, contacted with a ligand (e.g. RGD) or matrix protein 
affinity or immunoafflnity resin so as to adsorb the MSP variant, and eluted from the adsorbent. Optionally, the MSP 
is purified by HPLC, lectin columns, gel exclusion, hydrophobic interaction or ion exchange chromatography. 
[0095] The purified MSP is formulated into conventional pharmacologically acceptable excipients. 
is [0096] The soluble MSP variants of this invention are useful in therapeutics, diagnostics and preparative procedures. 
In diagnostics, the soluble MSPs are employed in place of membrane extracts as standards or controls, or are labelled 
with a radioisotope or other detectable group for use in competitive-type radioimmuno- or radioreceptor assays for the 
MSP or its antibodies. 

[0097] The soluble MSPs are crossl inked to insoluble supports by the methods described herein and employed for 
20 the purification of their ligands or matrix proteins, e.g. fibronectin, fibrinogen and the like. Alternatively, the soluble 
MSPs are used to adsorb ligand or matrix protein in solution, followed by precipitation by antisera, ammonium sulfate 
or the like in order to recover the ligand or matrix protein complex. The complex is then dissociated by HPLC, electro- 
phoresis, gel chromatography or other conventional methods. 

[0098] Therapeutic uses of soluble MSPs will be a function of the biological activity of each MSP, and will be apparent 
25 therefrom. The soluble MSP variants herein may act as agonists or antagonists of the corresponding native, membrane- 
bound receptors. The soluble GPIIb-llla receptor, for example, is useful as an anticoagulant and for the treatment of 
disorders associated with platelet aggregation, particularly in the prevention of reocclusion following thrombolytic ther- 
apy. Soluble matrix receptors, especially soluble GPIIb-llla, also are useful as antagonists to matrix-adhesion depend- 
ent neoplastic metastasis. Soluble LFA-1 variants are an antagonist of T-rymphocyte function, thereby being efficacious 
30 as immunosuppressive or anti-inflammatory agents, particularly In reperfusion injury. Soluble Mac-1 variants may find 
use in the treatment of complement activation disorders. 

[0099] In order to facilitate understanding of the following examples certain frequently occurring methods and/or 
terms will be described. 

[0100] "Plasm ids" are designated by a lower case p preceded and/or followed by capital letters and/or numbers. The 
35 starting pi asm Ids herein are either commercially available, publicly available on an unrestricted basis, or can be con- 
structed from available plasmids in accord with published procedures. In addition, equivalent plasmids to those de- 
scribed are known in the art and will be apparent to the ordinarily skilled artisan. 

[0101] "Digestion" of DNA refers to catalytic cleavage of the DNA with a restriction enzyme that acts only at certain 
sequences in the DNA. The various restriction enzymes used herein are commercially available and their reaction 

40 conditions, cofactors and other requirements were used as would be known to the ordinarily skilled artisan. For ana- 
lytical purposes, typically 1 ng of plasm id or ON A fragment is used with about 2 units of enzyme in about 20 uJ of buffer 
solution. For the purpose of isolating DNA fragments for plasmid construction, typically 5 to 50 \ig of DNA are digested 
with 20 to 250 units of enzyme in a larger volume. Appropriate buffers and substrate amounts for particular restriction 
enzymes are specified by the manufacturer. Incubation times of about 1 hour at 37°C are ordinarily used, but may vary 

45 in accordance with the supplier's instructions. After digestion the reaction is electrophoresed directly on a polyacryla- 
mide or agarose gel to isolate the desired fragment. 

[0102] "Recovery 11 or "isolation" of a given fragment of DNA from a restriction digest means separation of the digest 
on potyacrylamide or agarose gel by electrophoresis, identification of the fragment of interest by comparison of its 
mobility versus that of marker DNA fragments of known molecular weight, removal of the gel section containing the 

so desired fragment, and separation of the gel from DNA. This procedure is known generally (Lawn, R. et al., Nucleic 
Acids Res. 9: 6103-6114 [1981], and Goeddel, D. et a/., Nucleic Acids Res. 8: 4057 [1 980]). 
[0103] "Ligation" refers to the process of forming phosphodiester bonds between two double stranded nucleic acid 
fragments (Maniatis, T. et a/.,|d. at 146). Unless otherwise provided, ligation may be accomplished using known buffers 
and conditions with 10 units of T4 DNA llgase ("llgase") per 0.5 ug of approximately equimolar amounts of the DNA 

55 fragments to be ligated. 

[0104] The following examples merely illustrate the best mode now contemplated for practicing the invention, but 
should not be construed to limit the invention. 
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Example 1 

Cloning of Glycoprotein lib (GPIIb) cDNA 



01051 Messenger RNA was prepared from cultured human erythroleukemla cells (HEL, ATCC TIB 180) An oliao 
(dT)-primed cONA library was prepared using this mRNA In the bacteriophage lambda ZAP (Stratagene Cloning Sys- 
tems). The .lamb* ZAP library was screened wfth a 45-mer oligonucleotide (2b1) derived from the 5' end of the pub- 
lished cDNA sequence for GPIIb from HEL cells (Poncz et at., "J. Biol. Chem." 262(1 8):8476-8482 [1 9871) Several 
positively-hybridizing phage were purified, and the cDNA inserts they contained wire subjected to restriction enzyme 
digestion analysis. From these results a phage which appeared to contain a full-length coding Insert for GPIIb was 
selected for further analysis. DNA sequencing of this phage insert DNA gave over 300 bases which corresponded 
e*a«lywtththe^ 

Z nl! : ^° ^ f ert WM d ' 9eSted With £coRI (,his site bei "9 dertved ,ram the ""taw ligated to the ends of 
the cDNAs during production of the library) and H/ndlll, which cuts the GPIIb insert uniquely downstream of the end 
of the coding sequence. This EcoRI to H/ndlll restriction fragment, containing the entire coding region for GPIIb was 

h? h mar T Tf 1 ' !T!l S '° n VCCt0r PRK5 (Eur0pea " Pub ' No 307 ' 247 P ublis "ed 15 March 1989) 

which had been digested with Ecofll and H/hdlll, and expression vector GPIIb-pRKS was recovered. 

Construction of Full-Length Glycoprotein Ilia (GPIIIa) cDNA 

^ A cm t c ' one for Gpllla ' Incomplete at Its 5' end, was obtained (Rosa et a/., "Blood" 72(2):593 [1 9881) The 

£ l W ^r h! 88 a " <Site d6riVed ' r ° m ' he CDNA ,ibra,y ""strucuon linker) to PsT srte downstream* 
the end of the coding sequence) insert in the plasmld vector plBI20 (International Biotechnologies. Inc.) This plasmid 

r,nM A T T T ,0 °, Ut P,aSmid at the Unk,Ue Site in P ,BI20 downstream of The terminal Pan sfte In 
the cDNA insert, and incompletely with Apa\, to give a cDNA fragment bounded by the Apal site at the 5' end of the 
sequence and H/ndlll from the plasmld vector. The relevant domain for the construction teshown below 



-7 .1 ! 



6 



LAG. VGVGGPNICT 

CTG GCG GGC GTT GGC GTA GGA GOG CCC AAC ATC TGT ACC 

. . . . OAC CGC CCG CAA CCG CAT CCT CCC GGG TTG TAG Acl TOG " " 

EcoR1 A P aI fiinim * 

[0107] Synthetic complementary oligonucleotides were used to reconstruct a full-length coding construct for GPIIIa 
based on the published cloned cDNA sequence (Fitzgerald etal.. "J. Biol. Chem." 262(9):3936 [19871) The oliaonu- 
deotlde sequence ending in Apal, was ligated to the Apal site of the above ApaTHMW fragment, o give a DNA 

SlSrT ^S°ZTt T W - Thte **' t0 HmU ,ra9ment ' the °"«™ coding regtonS 

GPIIIa was ligated into pRK5 which had been digested with EcoRI and H/ndlll. and expression vector GPIIIa-pRKS 
was recovered. The relevant oligonucleotide sequences are shown below. P 

-26 

MR A R P RPR p..T \u 
AAT TCT AGA GCC GCC ATG AGA GCA CGT CCT CG A CCA CGT CCT CTC TGG - 



GA TCT CGG CGG TAC TCT CGT GCA GGA OCT GGT GCA GGA GAG ACC - 



EcoRI 
Xhdl 



ATV LA LG AL AGVG V ~k i D 
9S9 £ CT GTG CTG GCA CTG GGA CCA CTG GCT GGT GTT GGA GTA GGA c£r rr 
CGC TGA CAC GAC CGT GAC CCT CGT GAC CGA CCA CAA CCT CAT CCT <P 

Apal 

nlrtl J?* T heti t °" 90nucleotides were desi 9"ed such that the amino acids encoded were identical to those 
predated from the published cloned cDNAs (Fitzgerald et at., Rosa et a/.), but the codons were not always dented 
with the naturally-occurring cloned cDNA. Fig. 3 compares the coding strands of the synthetic 
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™f " e,Ween ^ 8eqU6nCe lnd ' Cate nucleo,ides ar « Wentlcal. These changes were introduced for three 
reasons. 



1 . In light of d.ff.cultles encountered in sequencing the cDNA, we concluded that the cDNA could contain secondary 

structure adverse to frenslational efficiency. Tomlnimizepossible secondary^ 

express,™ constructs, the percentage ofGandCbaaes in the natuml coding sequence was lessened 

zssr 0,he k wh,ch h t d : ,ower G and/or c contem - but ^ «*- *» *• » «£ 22™E 

Karnlck efa/., J. Biol. Chem. 262(5):92S5 (1987); Devlin etal., -Gene" 66-13 (1988) "swuiea. 

5,r«^°f 00 '^'"'"f^ amin ° add * 25) ' lmmediate, y ' ol| owin9 the initiator methionine codon (M -26) was 
changed from CGA to AGA. Kozak. "Mud. Adds Res." 15<20) : 8125 [1987] and Kozak. "J. Mol. BtoL- lS:W 

3. The ON A sequence upstream of the Initiator methionine codon was not based on the natural DNA seouence 
The synthetto complementary oligonucleotides were such that an £coR. site was present at one end foZeX 

t^S^ 
Sdu^S^ 

ana^ed for GP..b,..a expression. Expression was conS by 1 £22 0 £j£ J* SJSES 
Example 2 

Construction of cDNA Encoding Truncated GPIIb 



putative transmembrane 
region 

962 

LRALBBRAI 

CTC CGG GCC TTG GAG GAG AGG GCC ATT 

GAG GCC CGG AAC CTC CTC TCC CGG TAA 

EcoKl Styl 

A L B E R Stop 
C TTG GAG GAS AGG TGA TGA A 

CTC CTC TCC ACT ACT TTC GA 

[0111] In the natural sequence, arginine 962 is followed by an approximated 26 amino art* h „ 

transmembrane domain and a cytoplasmic domain (Poncz It a/l Thus 7 X ammo aci * P u,atlve hydrophobe 
"^ende.etedfromtheco^ 

restriction site. The entire DNA fragment bounded by EcoRI and HlJn , ♦ 9 ?, ,erminated ,n a w " xjl " 

had been digested with .coR, and^,,,. Express^oS^ iM ° pRK5 Whi <» 

SoNAs^qu^ 

which was predicted. sequenced and corresponded exactly to that 
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\ Construction of cDNA Encoding Truncated GPIHa 

I SIS ^fTV"** J 0 ^ con « ,ruct,on * th ° GPI"a truncated form was the full-length coding construction for 

| 5 GP'lladescnbed in Example 1 .The relevant domain for this construction Is shown below. 

I 

I 69i putative transmembrane region 

I PKGPD ILL 

CCC AAG GGC CCT <3AC ATC CTG GTG 

GGG TTC CCG GGA CTG TAG GAC CAC 

Xbal Apal 



to 



is 



[0114] The DNA fragment from the Xbal site (upstream of the initiator ATG codon) to the 4* site Indicated below 
waslso.ated and gated to complementary synthetlcoN 
forthenaturalGPIIIasequenceuptoamlnoacldresldu^ 

G P D Stop 

CT GAC TGA TGA GAT CTA 
20 CCG GGA CTG ACT ACT CTA GAT TCG A 

APal Hindlll 

transmembrane domain and a cytoplasmic domain (Fitzgerald etal) Thus in this construction h«th „f tL 1 

restriction srte. The entire fragment bounded by Xbal and HUM restriction sites wasTatea fnto dRKS orL7^ 
digested with Xbal and H/ndlll and trunc expression vector GPIIIatrunc-pRK* was recTvS ' P * 
E» i!Sa f l ° ,ra9mem 0Ut " ned ab0Ve Waa rescued from GP"latrunc-pRK5, and subjected to analvsis 

*> " ^ ,r0m "* ^ * thS ,nS8rt "*««»- ™< con^JTe^TZ 

Expression of Truncate d Human GPllb-llla Receptor in a Eukarvotic Host 
Transient Expression 



40 



45 



so 



55 



sor Fl 2 mil- * 2?, Z ',^ [ ^ and 9roWn Standard growth media < 50% Dulbe <*<* Mo°'fled Eagle Media 
moved from 6 cm plates by suspension in 0.6 ml of 150mMNaCI 10mMTrisfoH7<;> iv Tm*» v!™ * Y^?^ 6 - 
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Stable Expression 



15 



20 



[0119] Stable 293S clones expressing truncated GPIIb-llla were established by co-transfectlon of GPiihtn.^ m« 
and GPIIIatrunc- P RK.5 with pRSVneo (Gorman et a/.. "Science" 221 -551-552 ri S83A *oS2S?iI GPHbtrunc-pRKS 
* ..on ce.to were passaged Into standard growth m^^JS^SS^^^^^£. TT\ 
clones were picked and grown in standard growth media containing^ ^J'^^T^J^T^ 

szzzxzzzsr condmoned cufture — ™ - -passes 

,0 Analysis of Expressed Truncated GPIIb-llla 

4812. and APS [Novraio Wo*. -Blood- 65-22?(1Molli SSSSLt. . I^o P . Ti i 1 *™ <"""• 202 ' 3A '' 

recombinant secreted proteins are present In the form rfaZl rT t™"* 90 P^elns, demonstrating that the 

[0121] The expression of individual subunits of GPllb or GPIIla In transient.!/ tranef^n „ » 
using Western blot analysis. Cells were extracted as described £»L > trans,acted cells was demonstrated 

monoclonal antibodies specific for (liXapS^I^T^^^ ^ :4350 " 4354 f 1 979]). Mouse 
Ha 0^^^ — - — — - - -ete the recombinant 

sSdeTxs:^ 

[0124] The truncated GPllb or G?ma ^nTCe^o : S2T^" P irat, °"- w,<h ™"oc'«>nal antibody AP2. 
subunits.- either they are not secreted iK^IEiZ!^ ^ , UltUrS med,a When «P^sed as individual 
immunoprecipltation'o; bj -Western bto? anatyaS ^ ^ " t0 WhlCh prec,ude det «*°" * 

«0 Example 3 

Demonstration of Fibrinogen Rinding of Secreted Human GPIIb-llla Polypeptide Com ply 
[0125] The functional activity of the secreted truncated GPIIb-llla is shown hw 

matrix containing the natural ligand, fibrinogen, for the GPHb lTa receptor * * a " ^ 

[0126] Astableclonefrom Example 2 which was expressing the GPIIb-llla truncated n «i«n an » M . 
for20 hours under serum free conditions (DM EM culture medium 0 1 -Jo r„« Z f ? P P , decom P |ex was !>rown 
2.4 L-methionine, 200 pfitt S* LSn SSftJJ sGS 2 ^ ^ 

was produced by coupling highly purified human fibrinogen to CNBr Saled SdCo^Ir ro^ 9 ? t/C0,Umn 
manufacturer's recommended procedure The concentrated r^TJZT 7? Sepharose 48 ( Ph a™ac.a) using the 
anolamine reacted CNBr-activated SeTarose 4B coTln tt l T ^ WaS app " ed first t0 a con,rol Tris/e,h - 
Sepharose column. The conS matarial app,ied to the fibrinogen- 

sallne solution containing 1 mi^aHmMlJS I tempera,ure wiWl P"°*phate buffered 

(PMSF). The bound QPHwSiw. eluSro^fthe^!ln T ° ( ° G) ^ mM P^ylmethylsulfonylfluoride 
laming 15 mM EDTA 2 ! nTooT 5 mM PMSF S^^tJTt ^ Ph ° SPhatS bU * Md Sa " ne C0 "" 
the subunits of expected mo.ecular Ira^ and E^ZZS^T^ ^ 

dona, ant.bod.es specific to GPIIb <3A8> and GPIHa ( 4B12>. The i^ffiXS^SK 
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shown by the absence of the protein in the eiuate from the control column determined by both methods. 
Example 4 

Expreseion of LFA-1 and Mac-1 truncations 



Claims 
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6. The method of claim 6 wherein the subunit in nature containA* a m flm k«„ 

=~=™===~EE-=™= 

7. The method of claim 5 wherein the subunits are noncovalently associated. 

9. The method of claim 8 wherein the MSP is p150,95, Mad , LFA-1 or GPIIb-llla 

11. The method of claim 10 wherein the hydrophiiic amino acid sequence comprises an immunog.obulin constant 

12. The method of Cairn 5 wherein the mutation does not comprise the introduction of DNA encoding a mu.timer 
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forming polypeptide into the DNA encoding the MSP subunit. 
13. The method of claim 11 wherein the membrane anchor domain is a transmembrane domain, 
s 14. The method of claim 8 wherein the MSP is a leukocyte adhesion receptor. 

15. The method of claim 8 wherein the MSP is a member of the VLA family. 

16. The method of claim 9 wherein the MSp is GPIIb-llla and the recovered GPIIb-llla is capable of bindinq fibrinoaen 
to fibronectln, vitronectin or von Willebrand factor. ' 

17. The method of dalm 5 wherein the MSP Is capable of binding to polypeptides containing the sequence RGD. 

18. The method of claim 6 wherein the mutation comprises inserting an amino acid into, substituting or deleting an 
amino acid from the membrane anchor domain of at least one subunit of the MSP. 

19. The method of claim 16 wherein the membrane anchor domain is deleted. 

20. The method of claim 19 wherein the cytoplasmic domain is deleted. 

21. The method of claim 5 wherein the MSP comprises a subunit having the consensus N-terminal sequence Tyr/Phe/ 
Leu-Asn-Leu-Asp, requires a divalent cation for ligand binding, or contains an amino acid domain having substantial 
sequence homology to the calmodulin calcium binding domain. 

25 22. The method of claim 1 3 further comprising transforming the hot cell with DNA encoding a second subunit wherein 
the DNA encoding the second subunit mutated to delete a membrane anchor domain. 

23. The method of claim 5 wherein the MSP contains multiple subunits, and DNA encoding all of those subunits which 
In nature comprise membrane anchor domains are mutated as provided in step 1 . 

24. The method of claim of claim 18 wherein one of the MSP subunits contains two disulfide bonded polypeptide 
chains, only one of which comprises a membrane anchor domain. 

25. The method of claim 11 wherein the constant domain is a heavy chain constant domain. 

26. The method of claim 11 wherein the host cell is transformed with DNA encoding (1) a fusion of a first MSP chain 
and an immunoglobulin heavy chain constant domain and (2) with DNA encoding a second MSP chain that is not 
substituted with immunoglobulin, this second MSP chain being capable of binding directly to the first MSP chain. 

40 27. An MSP polypeptide amino acid sequence variant that is not capable of becoming lodged in a cell membrane 
provided that the MSP polypeptide comprises two variant chains and does not comprise an immunoglobulin con- 
stant domain. 

28. An intergrin amino acid sequence variant that is not capable of becoming lodged in a cell membrane. 

45 

29. The variant of claim 28 which is free of detergent. 

30. A sterile aqueous solution of the variant of claim 28. 

so 31. Nucleic acid encoding an intergrin 

domain has been deleted that the variant is not capable of transmembrane insertion into a cell membrane. 

32. A vector comprising the nucleic acid of claim 31 . 

55 33. Ameftodforthep 

GPIIb-llla and culturing the host cell until GPIIb-llla accumulates in the cell membrane. 

34. The method of claim 33 wherein the domain GCC GCC is present immediately 5' of the initiation methionine codon 
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for the nucleic acid encoding GPIIIa. 

36. The method of claim 33 wherein the percentage of G and C within the first about 1 00 bases of the 5' end of tha 
nucleic ac,d encoding GPIIIa has been reduced below the percentage of G and C in the GPIIIa cDNA. 

37. A soluble amino acid sequence analogue of an MSP not capable of being lodged in a cell membrane, comprising 

(1) a first MSPchainfused at its C-termlnus to a sequence comprising an Immunoglobulin constant domain and 

(2) a second MSP chain which Is not fused to an Immunoglobulin constant domain. 

38. The MSP of claim 37 wherein the MSP chains are disulfide bonded. 

39. The MSP of claim 37 further comprising an unfused Immunoglobulin chain. 

41. The MSP of claim 37 wherein the transmembrane domain of the first MSP chain is deleted 

Tl °' °! alm 42 C ° mpr,Sin9 dlSumde bonded ""-"unogtobulln ^vy and light chains caoable 

Z2Ep£t 9en tum dbu,fide bonded ,o ,he ,usion ° f ,he ^-^^eonjsssss: 

44. ™"«-tedanalogueofcla.m37wh^ 

45. A recombinant host cell transformed with DNA encoding a soluble amino acid seauanea fl „ a in n ,.« „o 0 

46. A method comprising culturing the host ce.l of Cairn 45 and recovering the soluble analogue from the host cei, 
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